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I.  INTRODUCTION. 


1.  STATEiilENT  OP  PROBLEl/I.    The  proper  design  and  construc- 
tion of  the  forms  for  concrete  structures  are  essential  factors  of 
the  work.    Many  failures  due  to  the  lack  of  knowledge  of  the  action 
of  wet  concrete  on  forms  have  tsiken  place  since  the  introduction  of 
concrete  as  a  "building  material.     Such  failures  usually  occur  in 
columns  and  posts,  and  are  due  to  the  high  pressures  caused  "by 
large  masses  of  concrete.     The  breaking  open  of  the  forms  entails 
temporary  injury  to  the  structure  and  incurs  considerable  delay  and 
expense. 

It  is  desirable  to  have  accurate  information  concerning 
the  pressure  exerted  by  wet  concrete  so  that  the  forms  may  be  eco- 
nomically designed.    On  account  of  the  high  cost  of  lumber,  the 
use  of  unnecessarily  heavy  forms  incurs  excessive  expense.  There 
are  almost  no  data  on  the  lateral  pressure  of  green  concrete.  Eence^ 
in  order  that  the  forms  may  be  safely  and  economically  designed  and 
constructed,  it  is  desirable  to  determine  the  lateral  pressure  ex- 
erted by  wet  concrete  on  forms. 

2.  PREVIOUS  INVESTIGATIONS.     Several  investigations  have 
been  carried  on  in  the  past  to  determine  the  lateral  pressure  ex- 
erted by  wet  concrete  on  forms,  but  very  little  accurate  informa- 
tion has  been  derived  from  them. 

In  1894  Lir.  Ernest  LIcCullough  made  a  series  of  tests  * 
in  which  the  pressures  were  measured  by  putting  a  7/8-inch  board 
in  the  side  of  a  form  and  pouring  in  concrete  until  the  board 
broke.    The  pressure  obtained  was  equivalent  to  that  of  a  liquid 

*  See  Engineering  News,  July  18,  1910. 
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weighing  about  80  lbs.  per  cu.  ft.     The  weight  of  the  equivalent 
liquii  was  probably  only  about  half  of  that  of  the  concrete.  Owing 
to  the  crude  manner  in  which  these  experiments  were  conducted .little 
importance  can  be  attached  to  the  results. 

In  1908  a  very  extensive  set  of  tests*  lasting  throughout 
the  whole  season,  was  carried  out  by  Major  Francis  R.  Shunk  during 
the  construction  of  the  Mississippi  River  Lock  Ho.  1  near  Minneapolis, 
Minnesota.     The  tests  were  made  during  the  pouring  of  monolithic 
blocks  of  concrete  25.75  feet  high.     The  concrete  was  very  wet,  and 
weighed  about  152  lbs.  per  cu.  ft.     The  lateral  pressure  was  measured 
by  means  of  a  piston  connected  to  a  scale  beam.     The  results  indicat- 
ed that  a  hydostatic  pressure  corresponding  to  that  of  a  lir^uid 
weighing  152  lbs.  per  cu.  ft.  was  obtained  at  first;  but  as  the  head 
increased  the  concrete  began  to  act  more  as  a  solid,  so  that  later 
the  pressure  remained  practically  constant.     It  was  also  found  that 
the  head  at  which  the  concrete  began  to  act  as  a  solid  varied  with 
the  rate  or  pouring,  the  temperature,  the  pressure,  and  the  condition 
of  agitation  of  the  surface.     Notice  that  the  weight  of  the  equiva- 
lent liquid  is  the  same  as  that  of  the  concrete. 

In  iyi3  Mr.  E.  B.  Germain,  assistant  engineer  for  the 
Aberthaw  Construction  Company,  carried  on  a  series  of  test^  during 
the  construction  of  a  mill  building  in  Cambridge.  Massachusetts. 
He  used  two  columns  20  inches  square  and  20  feet  high.     A  fairly 
wet  1:1  1/2 :o  mixture  -/^as  used.     The  gages  were  hot-water  bottles 
filled  with  mercury,  so  that  the  lateral  pressure  could  be  measured 
by  reading  the  level  of  the  mercury  in  the  tubes.     The  columns 
were  poured  very  rapidly,     a  hydrostatic  pressure  equivalent  to 

*  See  Engineering  News,   September  9,  1909. 
+  See  Engineering  News,  August  14,  1913. 
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that  of  a  liquid  weighing  from  140  to  150  lbs.  per  cu.  ft.  was 
found. 

3.  SCOPE  0?  THIS  INVESTIGATION      The  purpose  of  this  thesis 
is  to  determine  the  lateral  pressure  exerted  by  wet  concrete  upon 
forms  of  varying  sizes  under  different  conditions  of  pouring.  Lat- 
eral pressures  were  measured  at  five  points  along  the  side  of  the 
column  by  diaphragm    pressure  gages.    Two  methods  of  pouring  the 
concrete  were  used,  the  continuous  and  intennittent  method.     In  the 
fomer  case,  the  form  was  filled  from  an  overhead  skip  at  a  uniform 
rate  of  flow.     In  the  other  case,  the  form  was  filled  to  a  foot  in 
depth,  follow^ed  by  an  intermission  of  from  15  to  20  seconds,  then  a 
deposition  of  another  foot  of  concrete,  and  so  on.     It  was  hoped 
that  a  study  of  the  relative  results  obtained  from  these  two  methods 
of  pouring  would  afford  some  information  concerning  the  magnitude  of 
the  pressures  due  to  impact. 

II.     DESCRIPTION  0?  APPARATUS. 

4.  COLUMN  PORLIS.     The  tests  were  made  on  12-inch  and  20- 
inch  square  column  forms,  the  height  being  12  feet  in  both  cases. 
The  forms  were  made  of  plank  with  ship-lap  joints,  and  were  built 
of  sections  which  were  interchangeable,  4-inch  sections  being  added 
to  the  12-inch  form  to  make  the  20-inch  form.     Fig.  1,  page  4  , 
shows  the  12-inch  size  assembled;  and  also  shows  the  interchangeable 
sections  for  the  larger  size.     The  parts  of  the  forms  were  held  to- 
gether by  wooden  yokes  and  steel  rods.    No  trouble  was  experienced 
with  leakage  from  the  forms.     Pive  threaded  cast-iron  rings  to  hold 
the  pressure  gages  were  set  into  the  column  forms  as  shown  in  Pig. 
1,  page  4. 
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Diagram  Showing  Position  of  Gauges  in  Column  Form 


5.  GAGES.     The  pressure  gages  were  made  especially  for 
this  work,  and  were  of  a  type  which  was  successfully  used  to  measure 
the  earth  pressures  during  the  construction  of  the  Pennsylvania 
Tunnels  in  New  York  City.    Each  gage  consisted  of  a  flexible  German- 
silver  diaphragm  acting  upon  a  reservoir  containing  mercury.  The 
pressure  was  indicated  by  the  position  of  the  mercury  in  the  tube. 
The  graduation  of  the  tube  was  arbitrary,  so  that  it  was  necessary 
to  calibrate  it.    A  thick  layer  of  grease  covered  the  diaphragm  dur- 
ing the  tests,  to  protect  it  from  temperature  changes  and  small  fall- 
ing particles.     The  location  of  the  gages  in  the  column  forms  is 
shown  in  Fig.la  ,  page  4a.  The  details  of  the  construction  of  the 
gage  are  shown  in  Fig.  2,  page  6.      F±g.  3,  page  7,  and  Fig.  4,  page 
8,  show  front  and  side  views  of  the  gage. 

6.  HEAD  INDICATING  APPARATUS.     A  unique  method  was  used 
for  determining  the  height  of  concrete  in  the  forms.    Brass  tubes 
were  set  into  the  forms  at  one-foot  intervals.    Wooden  plugs  fitted 
with  wires  and  brass  screws  were  set  into  these  tubes.  Copper 
strips  wired  to  electric  lamps  were  fastened  over  the  holes  so  that 
the  lamps  were  lighted  when  the  plugs  were  forced  out  and  made  con- 
tact.    The  plugs  were  kept  well  oiled  so  that  they  would  slide 
easily  in  the  tubes.    The  arrangement  is  shown  in  detail  in  Fig.  6, 
page  9. 

7.  POURING  TOVVER,  .     A  wooden  tower  supported  the  hopper 
and  braced  the  column  form,  see  Fig.  6,  page  10.     A  sheet-iron 
funnel  was  used  to  direct  the  concrete  from  the  bottom-dump  bucket 
to  the  center  of  the  form.     The  funnel  was  easily  removed,  so  that 
the  form  could  be  lifted  at  the  end  of  each  test  in  order  to  remove 
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the  concrete  "before  it  had  set.  Fig.  7,  page  12,  shows  the  arrange- 
ment of  the  colmnn  and  bucket. 

8.  BUCKET.     The  bucket  was  of  the  bottom -dump  type,  and 
was  constructed  of  sheet  steel.    The  original  capacity  was  18  cu. 
ft.,  but  was  increased  to  48.  cu.  ft.  by  building  a  wooden  exten- 
sion on  top.     The  bucket  was  elevated  and  transported  by  a  5-ton 
hand-power  traveling  crane. 

III.    MATERIALS  FOR  CONCRETE. 

9.  Ingredi ent s .    The  materials  were  the  same  as  for  other 
experiment  work  in  concrete  made  by  the  Engineering  Experiment  Sta- 
tion.   The  quality  of  the  materials  may  be  considered  as  represent- 
ative of  that  used  in  first  class  concrete  work  in  the  central 
states . 

Cement.  The  cement  was  Universal  Portland.     It  conformed, 
except  as  noted  hereafter,  to  the  standard  specifications  of  the 
American  Society  for  Testing  Materials. 

The  fineness  was  94.5^^  on  a  No.  100  sieve,  and  78.2/^  on 
a  No.  200  sieve.    Data  for  this  test  are  shown  in  Table  1,  page  14. 

A  plasticity  test  gave  23.5^  water  for    normal  consistency, 
The  details  are  shown  in  Table  2,  page  14. 

Two  neat  cement  pats,  one  placed  in  water  and  the  other 
in  air  for  28  days,   showed  no  distortion,  radial  cracks,  or  dis- 
coloration, and  hence  it  was  concluded  that  the  cement  was  sound. 

Twelve  neat  cement  briquettes  and  eight  of  1:3  mortar  were 
tested.    The  results  are  given  in  Table  3,  page  15,  and  Table  4, 
page  16.     The  low  values  shown  by  these  tests  are  due  to  the  age  of 
the  cement  which  had  been  stored  for  over  two  years. 


General  View  of  Column  Form,  lower ond  dkip. 
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The  concrete  for  each  test  was  weighed.     The  results  are 
given  in  Table  5,  page  18. 

Sand.     The  sand  came  from  a  deposit  of  glacial  drift  near 
the  Walxash  River  at  Attiea,  Indiana.  It  was  clean  and  well  graded. 
The  results  of  the  fineness  test  are  given  in  Table  6,  page  19,  and 
in  Fig.  12,  page  20. 

Stone ■  The  stone  was  crushed  limestone  from  Kankakee, 
Illinois.     It  had  been  previously  passed  through  a  one -inch  screen 
and  over  a  quarter -inch  screeen.    The  results  of  a  sieve  analysis 
are  given  in  Table  7,  page  19. 

10.  MAKIHG  TEE  COUGRETE.     The  ingredients  for  the  concrete 
were  proportioned  by  volume,    A  1:2:4  mixture  was  used  in  all  the 
tests.     The  concrete  was  mixed  in  a  one-third  cubic  yard  motor- 
driven  batch  mixer,  shown  in  Pig.  9,  page  21.     The  amounts  of  mater- 
ials used  in  a  batch  are  given  in  Table  d,  page  22.    For  the  four 
tests  for  the  12-inch  columns  (Tests  1-4)  the  concrete  was  mixed  in 
two  batches,  the  first  being  dumped  onto  the  floor  and  later  incor- 
porated with  the  second  batch.    For  the  three  teste  for  the  2o-inch 
columns  (Tests  6-7)  three  batches  were  necessarj^.    The  material  was 
dumped  from  the  mixer  onto  the  concrete  mixing  floor  and  was  then 
shoveled  into  the  skip.     The  skip  was  then  raised  by  a  traveling 
crane  and  moved  into  position  over  the  column  form  (see  Fig.  7,  page 
12/,    In  a  few  cases  the  concrete  was  used  twice,  in  consecutive 
tests;  and  in  these  cases  it  was  thoroughly  sprinkled  and  re-mixed 
before  being  re-loaded  into  the  skip. 

After  the  concrete  was  mixed  preparatory  to  the  pressure 
tests,  sample  cylinders  v/ere  molded  and  tested  to  determine  the 
crushing  strength  of  the  concrete. 
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Table  3 

TENSILE  STRENGTH 

Neat  Briq.uettes 

Bric[iiette  iJo, 

Age  when  Tested.      Tensile  S 

trength. 

Standard . 

Days 

lbs.  per 

sq.  in. 

1 

1 

E65 

2 

1 

£60 

3 

1 

865 

4 

1 

2S0 

Average    . . . . 

E55.0 

175. 

7 

578 

447 

7 

7 

552 

b 

7 

445 

480  5 

500 

9 

60 

635 

10 

60 

700 

11 

60 

745 

12 

60 

540 

652.5 

600 

Table  4. 


TENSILE  SriiliKGTH 
1:3  Briquettes 

Briquette  I^o.      Age  when  Tested.        Tensile  Strength.  Standard, 

Days  Ihs.  per  sq.  in. 

13  7  164 

14  7  177 

15  7  155 

16  7  148 

Average    161.0  EOO 

17  60  245 

18  60  270 

19  60  280 
EO  60  180 

Average    228.8  275 
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Three  cylinders  eight  inches  in  diameter  and  sixteen 
inches  high  were  made  from  the  concrete  for  each  pressure  test. 
They  were  covered  with  damp  cloths  during  the  setting  period  of 
three  days.     The  forms  were  then  removed  and  the  specimens  placed 
in  a  "bed  of  damp  sand  for  E6  days.     A  plaster  of  paris  cap  was 
applied  to  each  end  of  the  cylinder  and  allowed  to  set  for  a  few 
hours  before  testing  so  as  to  secure  an  even  distribution  of  the 
load. 

Sach  cylinder  was  tested  in  a  Riehle  machine  of  100,000 
pounds  capacity.    The  results  of  the  test  are  given  in  Table  9, 
page  E4. 

IV.     METHOD  OF  ilAKING  TESTS. 

11.  CALIBRATION  OF  GAGES.  The  gage  tester  used  in  cali- 
brating the  pressure  gages  is  shov;n  in  Figs.  10  and  11,  pages  26 
and  26.    Bourdon  Gage  No.  458  was  calibrated  with  a  Crosby  Gage 
Tester  and  then  was  connected  to  the  end  of  the  gage  tester  to 
which  the  pressure  gages  were  attached.     The  gage  tester  was  con- 
nected to  the  standpipe  in  the  Hydraulic  Laboratory,  and  a  static 
pressure  of  20  lbs.  per  sq.  in.  applied.    This  pressure  was  lowered 
a  pound  at  a  time  by  lowering  the  level  of  the  water  in  the  stand- 
pipe. 

The  gages  were  calibrated  before  each  pressure  test. 
The  temperatures  of  the  air  and  water  were  taken  during  each  cal- 
ibration.    All  the  gages  were  read  simultaneously  for  each  change 
in  pressure,  and  the  readings  were  recorded.    For  the  data  and 
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Table  5. 

\yEIGHT  OF  CONCRETE. 


Test  Uo.  Weight  per  Cubic  Foot. 

1  129.5 

2  128.5 

3  138.5 

4  139.0 

5  141.0 

6  141.0 

7  140. E 


19. 


Q?alDle  6 
Sieve  Analysis  of  Sand. 


Sieve 

Dia. 

Grains 

Grams 

Per  Gen 

Uo. 

Opening 

Retained 

Passing 

Passing 

—  — 

.20 

74.3 

925 . 7 

92 . 6 

5 

.16 

117  .0 

808. 7 

80 . 9 

10 

.073 

261 . 8 

547  .0 

54.  7 

J.  o 

HAP 

CKJO  .  u 

20 

.034 

35.5 

306.6 

30.7 

30 

.022 

101.0 

205.6 

20.6 

40 

.015 

101.8 

103.9 

10.4 

60 

.009 

71.0 

32.9 

3.3 

74 

.0078 

14.7 

18.3 

1.8 

150 

.0033 

10.0 

8.3 

.8 

Pan. 

8.3 

0.0 

.0 

1000.4 


Table  7. 
Sieve  Analysis  of  Stone. 
Dia.  Grams  Grams  Per  Gent 


Opening 

Retained 

Passing 

Passing 

1.00 

.67 

159.3 

840.6 

84.1 

.50 

80.3 

760.3 

76.0 

.45 

127.5 

632.7 

63.3 

.30 

278.7 

363.9 

35.4 

.16 

174.5 

179.3 

17.9 

.073 

62.0 

117.3 

11.7 

Pan 

117.3 

000.0 

00.0 

Fig.  9 


Table  8 


MATERIALS  IN  ONE  BATCH  FOR  12 -INCH  COLUMNS. 


Material  Quantity  Weight 

lbs . 

Stone  12  bucketfuls  @  42  lb.  384 

Sand  6  bucketfuls  @  52  lb.  312 

Cement  141 
Y/ater  120 


Two  batches  were  used  in  each  test. 


MATERIALS  IN  ONE  BATCH  FOR  20 -INCH  COLUl^flNS. 


Material  Quantity  Weight 

lbs. 

Stone  22  buckets      42  lb.  924 

Sand  11  buckets  @  52  lb.  572 

Cement  235 
V/ater  198 


Three  batches  were  used  in  each  test. 


2S. 

results  see  Tables  10  to  17,  pages  27  -  33,  and  Figs.  13  -  17, 
pages  S5  -  2  9. 

Two  preliminary  tests  were  made  of  the  Bourdon  gage  on 
the  Croshy  Gage  Tester,  and  two  preliminary  tests  of  the  Bourdon 
gage  with  the  five  pressure  gages  on  the  gage  tester.    After  each 
preliminary  test,  the  pressure  was  increased  to  a  maximum  of  about 
20  lbs.  per  sq.  in.  and  maintained  for  a  period  of  E4  hours  in  or- 
der to  detect  any  leakage  in  the  gages  or  in  the  connections. 

12.  MEN  REQUIRED.    Nine  men  were  employed  on  each  test. 
One  man  had  general  supervision  of  the  test,  and  gave  gong  signals 
for  the  reading  of  the  gages.     One  man  noted  the  time  at  which  the 
electric  lamps  were  lighted  by  the  forcing  out  of  the  contact  plugs. 
Five  observers  read  the  gages.    One  assistant  manipulated  the  gate 
at  the  bottom  of  the  skip  and  another  in  the  skip  kept  the  flow 
uniform  through  the  gate. 

13.  METHODS  OF  POURING.    Four  tests  were  made  on  a  12- 
inch  square  column  form  and  three  on  a  20-inch  square  column  form. 
Two  methods  of  pouring  the  concrete  were  used:  the  continuous,  and 
the  intermittent  methods. 

In  the  continuous  method,  the  gate  at  the  bottom  of  the 
skip  was  opened  far  enough  to  secure  a  continuous  flow  of  concrete 
through  the  hopper  into  the  form.    A  gong  was  struck  every  fifteen 
seconds,  and  the  highest  pressure  reading  during  the  interval  was 
recorded  by  an  observer  at  each  gage.     Three  tests  were  made  on  the 
12-inch  size    and  two  tests  on  the  20-inch  size  column  forms  were 
made  by  this  method. 


E4. 

Table 

.   COIvtPRESSIVE  STRENGTH  OF  GYilNDERS. 

Test 

Cyl. 
Uo. 

Age  at 
Test. 

days . 

Area 
sq. in. 

Maximum 
Load 
lbs. 

Load 
lbs. 
per  sq.  in. 

Aver  age 
Load. 

n 
X 

30 

49.39 

32800 

665 

n 
X 

e 

30 

50.64 

37070 

733 

3 

30 

50.77 

31350 

618 

672  ' 

J. 

30 

60.26 

58600 

1165 

c  as 

O 

o 

30 

50.26 

56900 

1130 

30 

50.26 

44700 

890 

1098 

Ju 

30 

50.^6 

44000 

876 

A 

o 
c 

30 

49.50 

55800 

1126 

3 

30 

50.26 

49500 

986 

996 

X 

30 

50.26 

56800 

1130 

0  OS 

p. 

0 

o 

30 

60. 26^ 

56900 

1130 

3 

30 

50.26 

56400 

1120 

1127 

1. 

60 

51.15 

52460 

10.25 

n 
1 

o 

60 

52.80 

52040 

1005 

S 

60 

49.00 

41000 

836 

955 

^5 


26 


Fig  .  1 1 


Table  10. 

CALIBRATION  Of  BOURDON  GAGE  NO.  458. 


Area  of 

Piston,  0.2  sq. 

of  Piston    1  lb 

in. 

X«  v  V  W  ilik/  VX  y 

1914 

X  «/  x*x  • 

Reading 
No 

Total 

JX^J^  X>  X  w  vx 

Load 
lbs 

Gage 
iR  eadi  ner 
lbs. per 

Reading 

No 

X«  • 

Total 

AmTili  Qd 

Load 
lbs 

Gage 

T?  s  adi  na" 

Xk  V  CbvLX  X^p« 

lbs. per 

k3    .    xu  . 

1 

1 

4  9 

16 

1 

5  1 

W  »  X 

2 

1  5 

7.4 

17 

1  5 

7  5 

3 

2 

9  9 

18 

2 

10 

4 

2  5 

12  3 

19 

2  5 

12.4 

5 

3 

14  8 

«X»^  *  w 

20 

3 

14.  8 

6 

2.5 

17  4 

21 

3.5 

17.3 

7 

4 

19  7 

22 

4 

19.7 

8 

4.5 

22.4 

2S 

4.5 

22.4 

9 

4 

19.7 

24 

4 

19.7 

10 

5.5 

17.3 

25 

3.5 

17.4 

11 

3 

14.8 

26 

3 

14.7 

12 

2.5 

12.3 

27 

2.5 

12.5 

13 

2 

10 

28 

2 

10. 

14 

1.5 

7.5 

29 

1.5 

7.5 

15 

1 

5.1 

30 

1 

3. 

2f8, 

xauJ-o  XX. 

CALIBRATION  OF 

GAGES. 

NovemlDer  5, 

X9 Xfc  . 

Reading 

No.  458 

Altitude 

No. 

lbs .per 

Gage 

ft. 

No.  1E7 

No.  1S8 

No.  129 

1<I  U  .     X<u/VJ  . 

1 

El.S 

51.5 

1E6 

139 

83.5 

107. 

2 

E0.8 

51.5 

1E5.5 

138.8 

83.1 

106.7 

3 

EO 

49.5 

1E4.6 

137  .6 

81 .3 

106.3 

4 

19 

47 

1S2.5 

155.5 

77 

101.5 

5 

18 

44 

1E1.5 

134 

7S.3 

99 

6 

17.1 

42 

119 

13S 

70.3 

95 

7 

16.1 

39.5 

117 

129  .2 

67 

91.6 

8 

15.1 

37.5 

116 

127.2 

65 

88.5 

9 

14 

35 

113.5 

125 

60.6 

65.3 

10 

13 

33 

111 

122. 3 

54 

80.8 

11 

12 

30.5 

109 

120.2 

48.2 

77 

IE 

11 

E8 

107  E 

117  .2 

43.6 

71.5 

13 

10 

E6 

104.8 

115 

38 

68 

14 

9 

E4 

1QE.5 

111.3 

33.5 

63 

15 

8 

2E 

100 

108.5 

28.6 

58.8 

16 

7 

18.5 

97.7 

105 

21.7 

54.1 

17 

6 

16 

95 

102 

16.1 

50.2 

18 

5 

14 

92.6 

98.8 

10.2 

46.3 

19 

4 

11 

89.6 

96.4 

6.3 

42 

20 

3.1 

9.5 

88. E 

92.4 

38.6 

El 

E.6 

9 

81 

89.8 

34.2 

EE 

0 

81 

80.7 

21.9 

Temperature  of  Room, 

73.5  degrees  F. 

2 '9. 

iaDi.e  xc. 

CALIBRATION  OF 

GAGES. 

November  6, 

T  QT  / 

Reading 

No. 

468 

Altitude 

No. 

lbs. 

per 

Gage 

sq. 

m. 

ft. 

No.  127 

TiT «  TOD 
JNO.  XCO 

AT/x        T  OQ 

NO.  xcM 

T  "xrs 
rIO,  ±OU 

1 

21 

52 

126 

T  "XO  O 

o4t .  D 

108 

2 

20 

49.9 

124.5 

XOV 

a  o  Q 

QC  .  O 

105.4 

•  3 

19 

47.4 

122.7 

•7  Q  Q 

/o ,  O 

102 

4 

18 

44.6 

121 

98.8 

5 

16. 

9 

42.3 

119 

XOX  ,  ft 

r  J.  . 

95.5 

6 

15. 

8 

40 

117.2 

1  OQ  p; 

DO  .  O 

92.2 

7 

14. 

9 

38.5 

116 

88.6 

8 

14 

56 

114 

Ari  p\ 

85.5 

9 

12 

OC  .  0 

XXC, 

123.4 

52.2 

81.2 

10 

11. 

1 

29.3 

108.2 

118.5 

43.5 

73.4 

11 

10 

27.4 

106.2 

115.8 

57.6 

69.6 

12 

9 

C*j  ,'± 

X\J*± 

113. 

33 

64.8 

IS 

8 

23 

101.4 

110 

28.2 

61.5 

14 

7 

20.5 

99 

106.6 

20.8 

56 

15 

6 

17.7 

96.8 

103.5 

16 

51.8 

16 

5 

15.7 

94.2 

99.6 

10.5 

47 

17 

4 

12.8 

90.8 

95.5 

1.5 

43 

18 

Z 

10.8 

89.2 

S3 

39 

19 

2 

85.5 

88 

31.8 

20 

1 

84 

85.5 

27.8 

21 

0 

82 

82.2 

22 

Temperature 

Air,  83 

degrees  P. 

Temperature 

of 

v/ater ,  79  degrees  F. 

» 


30. 

Table  13. 
GALIBRATIOK  OF  GAGES. 

December  4,  1914. 

Reading    No.  458  Altitude 


No. 

Ids . per 

Gage 

sq.  in. 

ft. 

No.  127 

No.  128 

No.  129 

No.  130 

1 

20. 5 

50  .5 

125.8 

139.4 

82 

107.2 

2 

20 

48.5 

125.2 

139.5 

82 

107 

19 

47 

123.5 

138.4 

77.5 

103.5 

4 

18 

44 

122 

136 

72 

99.6 

5 

17 

42 

119.6 

133.4 

70 

96.2 

6 

16 

40 

117  .6 

131.  7 

66.2 

92.8 

7 

16 

37  .7 

116 

129.8 

62 

89  .5 

8 

14 

35.2 

113 . 8 

126  .9 

59  .6 

85.4 

9 

12.9 

32.8 

111.8 

124.2 

51.2 

81.6 

10 

12 

30 

109.5 

121.5 

46.2 

77.5 

11 

11 

28 

107.8 

119.5 

42 

74 

12 

10 

26.5 

105.4 

116.3 

36.5 

69.8 

13 

9 

23.7 

103.2 

113.3 

33.3 

65 

14 

8 

22.2 

101.4 

110.3 

29.9 

61.4 

16 

7 

18.8 

98.8 

107.1 

24.5 

56 

16 

6 

16.1 

96.2 

105.2 

19.5 

52.2 

17 

6 

14.5 

94.3 

102 

14.6 

48 

18 

4 

12.9 

91.8 

100.4 

9.9 

43.3 

19 

3 

9.9 

89.3 

97 

6 

39.5 

20 

2 

86 

90 

2 

32.4 

21 

1 

85 

90 

29 

Temperature  of  Air,  69.5  degrees  F. 
Temperature  of  's7ater,  69.6  degrees  F. 


31. 


Table  14. 
CALIBRATION  OF  GAGES. 

I 


December  10,  1914. 


»ading 

No. 

458 

Altitude 

Ho. 

llDS. 

per 

Gage , 

sq  . 

in. 

ft. 

No.  127 

No.  128 

No.  129 

No.  i; 

1 

0 

80.7 

87 

20.6 

2 

22. 

8 

54.8 

129.2 

143.5 

88 

113.8 

S 

22 

53 

127.8 

142.5 

85.4 

111.6 

4 

21 

51 

126.7 

140.9 

82.9 

108.9 

5 

20 

48.5 

125 

139.2 

80 

106.4 

6 

19 

46.5 

123.2 

137.3 

76.3 

103.1 

7 

18 

43.8 

122 

136.3 

72 

100.8 

8 

17 

41.5 

119.8 

133.8 

69.3 

96.2 

9 

16 

39.7 

118 

131.2 

65 

93 

10 

15 

37.2 

116.2 

129.3 

61 

90 

11 

14 

35 

114.5 

127.7 

55.1 

86.5 

12 

13 

32.8 

112.1 

124.9 

49.8 

82.2 

13 

12 

30.4 

110 

122.1 

45.3 

78 

14 

11 

28.2 

108.2 

119.9 

41 

74.3 

15 

10 

26.2 

106 

117.2 

36 

69.1 

16 

9 

23.2 

103.8 

114.5 

32.1 

66 

17 

8 

21.5 

101.8 

111.1 

28.7 

62.4 

18 

7 

18.2 

99.6 

108.8 

23.1 

57.2 

19 

6 

16 

97.1 

105.9 

17.5 

54.2 

20 

5 

14 

94.5 

102.9 

14.7 

49.3 

21 

4 

11.2 

92.2 

100.6 

8.7 

44.8 

22 

3 

9.2 

89.9 

97.8 

2 

40.1 

23 

2 

87.2 

92.6 

34.9 

24 

1 

84.3 

91.1 

29 

25 

0 

82.7 

87.6 

25 

Temperature  of  Air,  66  degrees  F. 
Temperature  of  V;ater ,  68  degrees  F. 


Table  15. 


CAI.IBRATION  OF  GAGES. 


Deceiiiber  12,  1914. 


Reading    No.  458  Altitude 


No.        lbs. per  Gage, 


sq.  in. 

ft. 

NO.  127 

No.  128 

No.  129 

No.  130 

1 

0 

82 

86.4 

-3 

23 

2 

22.8 

55.7 

130.1 

143.5 

90 

114.6 

3 

22 

53.8 

129.2 

143.5 

87.8 

113 

4 

20.9 

51.5 

127.3 

142. 

84 

109.5 

5 

20 

49.4 

126 

140.5 

81.5 

107.2 

6 

19 

47 

124.1 

138.5 

77.9 

104.3 

7 

18 

44.5 

122.8 

136.5 

74 

101.5 

8 

17 

42 

120.8 

134.2 

70 

97 

9 

16 

40 

118.8 

133.4 

65.2 

93.8 

10 

14.9 

36.8 

117 

130.8 

61.8 

90.1 

11 

14 

34.6 

115.1 

128.5 

56.2 

86.6 

12 

13 

32.4 

113 

125.6 

51.1 

83 

13 

11.9 

29.8 

111 

122.5 

46.9 

78.5 

14 

11 

27.9 

109 

121.5 

42-2 

74.8 

15 

10 

25.7 

106.9 

118 

37.8 

71.7 

16 

9 

23.1 

104.5 

115.4 

32.5 

66.4 

17 

7.9 

21 

102.1 

112.3 

28.1 

63.3 

18 

7 

18.2 

100.7 

108.8 

24.2 

57.4 

19 

6 

16.1 

98 

107.2 

18.8 

54 

EO 

5 

13.8 

95.8 

104 

16.8 

50.5 

21 

4 

11 

^j3.2 

101 

10 

45 

22 

3 

9.2 

91 

98.2 

4.8 

41.4 

23 

2 

87.8 

93.1 

2 

3b 

24 

1 

85.8 

91.5 

-1 

30.8 

25 

0 

83 

86.5 

25 

Temperature  of  Air,  68.5  degrees  F. 
Temperature  of  Water,  72  degrees  F. 


I 


53. 


Table  16. 
CALIBRATION  OF  GAGES. 


December  17,  1914. 


.eadlng 

No. 

458 

Altitude 

No. 

lbs 

.  per 

Gage 

SCL. 

in. 

ft. 

No.  127 

No.  128 

No.  129 

No.  130 

1 

0 

83 

88.5 

-18 

25 

2 

23 

56 

130.6 

144. 

90.5 

116 

3 

20 

49.6 

126.2 

140.5 

81.9 

108.9 

4 

18 

44.8 

123.1 

136.8 

74.3 

102.2 

5 

16 

40.6 

119.8 

133.5 

65.6 

95.8 

6 

15 

38 

117.5 

131 

62 

92.1 

7 

14 

35.8 

115.7 

128.3 

55.8 

88.2 

8 

13 

35.9 

113.5 

126.1 

51.6 

84.9 

9 

12 

31 

111.3 

123.5 

47 

80.1 

10 

11 

28.3 

109  .5 

121.7 

41.7 

77.6 

11 

10 

26.1 

107 

118.5 

36.9 

73.4 

12 

9 

23.9 

105 

115.8 

32 

68 

13 

8 

21 

103.7 

112.8 

30.3 

63.8 

14 

7 

18.1 

100 

109.3 

25.7 

59 

15 

6 

17 

97.7 

10  7 

18.2 

55 

16 

5 

15 

96 

103.2 

14.5 

50.9 

17 

4 

11.9 

92.9 

100 

8 

46 

18 

3 

9.8 

90.8 

98.5 

2 

42 

19 

2 

88 

95.3 

-4 

35.9 

20 

1 

85.9 

90.8 

-8 

31.9 

21 

0 

83 

87 

-20 

26 

Temperature  of  Air,  70  degrees  F. 
Temperature  of  Viater,  68  degrees  F. 


34. 


Table  17. 

CALIBRATION  OF  GAGES. 

December  22,  1914. 


ading 
No. 

No.  458 
Ibe .per 
sq.  in. 

Altitude 
Gage 
ft. 

No.  127 

No.  128 

No.  129 

No.  13C 

1 

19  .9 

48.5 

125  .6 

140 

80 

107.8 

2 

18 

44.1 

123.5 

137 

74 

102 

3 

16 

39.8 

118 . 9 

133.4 

65.  7 

95 . 6 

4 

14 

35.1 

116  .2 

130 

57  .1 

89 

5 

1£ 

30.7 

111.7 

124 

47.2 

80.8 

6 

10 

27 

107  .9 

119  .4 

37 . 6 

72 . 8 

7 

9 

24.2 

105.4 

116.7 

33.  8 

68.  7 

8 

8 

22.6 

103 

113.7 

27.5 

63.9 

9 

6.9 

19 

100.3 

110 

22. 1 

58.9 

10 

6 

17 

98  .4 

107.6 

18 

55.2 

11 

5 

16.4 

96 

105.1 

14.8 

50.7 

12 

4 

12 

93.7 

102 

8 

45.9 

13 

3 

91.4 

98 

2.2 

42, 

14 

2 

89 

96.4 

-1.2 

37.6 

15 

1 

86.7 

93 

-6 

32.2 

16 

0 

84 

89.2 

-12 

27 

Temperature  of  Air,  68.5  degrees  F . 
Temperature  of  V;ater,  66  degrees  F. 


40. 

The  purpose  of  the  intermittent  method  was  to  determine 
the  effect  of  the  impact  of  the  falling  concrete.     The  concrete  was 
poured  in  layers  one  foot  deep,  and  an  intermission  of  from  fifteen 
to  thirty  seconds  allowed  "betv/een  successive  layers.     The  highest 
reading  on  each  gage  during  the  pouring  of  each  layer  of  concrete 
and  also  the  lowest  reading  during  the  succeeding  interval  was  re- 
corded.    One  test  on  each  size  of  the  form  was  made  by  the  inter- 
mittent method  of  pouring. 

V.  DATA  OF  TESTS. 
14.     Table  18,  page  41,  gives  information  concerning 
time  of  mixing  and  pouring,  and  also  concerning  the  consistency. 

Tables  19-25,  pages  4E-49,  show  the  readings  for  heads 
of  concrete  and  the  corresponding  gage  readings.     It  should  be  noted 
that  in  each  test  dry  broken  stone  was  placed  in  the  bottom  of  the 
bottom-dump  bucket  used  in  hoisting  the  concrete  to  the  top  of  the 
column  forms,  and  upon  the  top  of  this  stone  was  spread  a  coat  of 
dry  plaster  of  paris  which  v/as  then  sprinkled.     As  a  rule,  a  layer 
of  stone  about  3  inches  thick  was  placed  in  the  bottom  of  the  9 -inch 
cylindrical  neck  of  the  bucket,  although  in  the  earlier  tests  more 
was  used  than  in  the  later. 

Fig.  18-24,  pages  50-57,  show  the  relation  between 
head  of  concrete  and  the  lateral  pressure.     The  latter  was  deduced 
by  combining  the  gage  readings  made  during  the  experiments  and  re- 
sults of  the  calibration  of  the  gages. 


Table  18 

Data  Concerning  Mi^^ina  and  Pouring 


No. 
of 
Test 

Time  of  Mixing 
min. 

is . 

.5 1 

Time  of  Pouring 
min. 

."0 

1 

Metliod  of 
Pouring 

Remarks 

1Z-  inch  Form  ;><|^ 

/ 

36i 

29^ 

3i 

Med 

Confin. 

2 

28 

47 i 

/| 

Med 

Contin. 

Lea  keel,  and  wafer 
added  insi<ip. 

3 

-r 

t 

4 

Med 

Confin, 

Leaked,  and  wafer 
added  in  si<ip. 

4 

32 

7k 

Med. 

Infer 

ZO-inch  Form 

5 

62 

5/ 

i4 

V.Wef 

Confin. 

Leaked,  and  wafer 
added  in  skip. 

6 

t 

10 

Med 

Confin. 

Nof  uniform 
in  .5i<ip. 

7 

30 

290 

10 

Wet 

Infer. 

'T  Concrefe  used  in  preceding  fe^f  was  weffed,  remixed, 
and  used  in  this  test 


Table  19 


Pressure  Test  No.  1      -      12-inch  Square  Coluinn. 


Reading 

Time 

Depth  of 

Gage 

Readings 

No. 

Interval  Concrete 

Sec . 

Ft, 

No.  127 

No.  128 

No.  129 

No.  130 

1 

15 

0 

81 

87 

-12 

<i4 

2 

15 

0.45 

81 

87 

-12 

24 

3 

15 

1.1 

81 

87 

-12 

o 

4 

15 

2.0 

81 

87 

-12 

o  c\ 

5 

15 

3.2 

81 

87 

-12 

30 

6 

15 

4.5 

81 

91 

-12 

40 

7 

15 

6.0 

84 

97.5 

-12 

44 

8 

15 

7.1 

86 

98 

-12 

A  A 

44 

9 

15 

8.5 

87 

98 

-  9 

A  C 

45 

10 

15 

9.2 

89 

100.5 

-  5.5 

45 

11 

15 

9.7 

89 

100.5 

-  4 

A  a 

45 

12 

15 

10.3 

89 

100.5 

-  4 

45 

13 

15 

10.9 

89 

100 . 5 

-  4.5 

45 

14 

lo 

11  .  0 

88.5 

100.5 

-  3.5 

44 

15 

15 

12.0 

88 

100.5 

-  3.5 

A  A 

44 

±D 

.  15 

n 

88 

100 . 5 

-  5.0 

43 

17 

15 

« 

88 

100.5 

-  3.5 

43 

18 

15 

II 

87 

100.5 

-  3.5 

,  43 

19 

15 

n 

87 

100.5 

-  3.5 

43 

20 

15 

It 

87 

100.5 

-  3.5 

43 

21 

15 

n 

o  I 

1 U  U  .  0 

-    O  .  D 

43 

22 

15 

n 

87 

100.5 

-,3.5 

43 

23 

15 

n 

a  ^  R 
oO  .  O 

—  o .  o 

24 

15 

II 

86.5 

99.5 

-  3.5 

42. 

5 

^fter  being  tamped  12.0 

92 

115 

-  4 

49 

Height 

of  center  of  gage  from 

base,  5. 

6  ft.  1. 

8  ft.   7.6  ft 

.  0.5 

ft 

Temperature  of 

room,  71.5  deg 

rees  F. 

Temperature  of 

concrete,  69.5 

degrees 

Weight 

of  concrete,  139.5  lbs 

.  per  cu. 

ft. 

Consistency:     Water  equal  to  lO^i  of  weight  of  dry  materials. 


December  5,  1914. 


43. 

Table  20. 

Pressure  Test  No.  2    -  12 -inch  Square  Column. 


Reading 

Time 

Depth 

No. 

Interval 

Concrete 

Keaamgs 

No 

.  130 

Sec. 

Ft . 

In  0  .    1  <c  f 

In  0  *  J.10O 

No 

.  129 

1 

15 

0 

ol 

Of 

,2  - 

■12 

0  /I 

2 

15 

1 

81 

0  n 
Of 

•12 

3 

15 

3.5 

81 

0  I 

■  * 

•IP 

4 

15 

9 . 0 

^  87 

<  -n  t\  1 

/  - 

.  7 

0  J. 

5 

15 

10.  0 

93 

109 

ft 

DO 

6 

15 

10 .8 

93 

lOv 

9 

7 

15 

11.  5 

92.  5 

109 

11 

00.0 

8 

15 

12 . 0 

92 

109 

11 .  ? 

00  .  0 

9 

15 

91.  5 

109 

£  K. 
00 

10 

15 

91 

109 

11 . 

A  A  Fi 

11 

15 

91 

luy 

04 

12 

15 

90  •  0 

10  r 

0 

Do  .  0 

13 

15 

90.5 

lOO  .  D 

w  .  ^ 

D<i  .  0 

14 

15 

90 

IUd  .  0 

0 
06 

15 

15 

90 

lUo .  0 

5 

D<d 

16 

15 

lUo  .  0 

4.5 

OX  .  Q 

17 

Id 

0:7.0 

xu  0.0 

1 

?  <«■, . 
f  ■ .  •. 

OX 

18 

15 

89.5 

105.5 

1 

60.7 

19 

15 

89.5 

105.5 

2 

60.3 

20 

15 

89 

105.5 

2 

60 

21 

15 

89 

105.5 

2 

7. 

60 

22 

15 

89 

105.5 

2 

ft 

60 

23 

15 

89 

105.5 

2 

59.5 

24 

15 

89 

105.5 

2 

59 

25 

15 

89 

105.5 

2 

59 

Height  of  center  gage  from  base,  5.6  ft.      1.8  ft.      7.6  ft.     0.5  ft 

Temperature  of  room,  65  degrees  5'. 
Temperature  of  concrete,  65  degrees  F. 
Weight  of  concrete,  138.5  Ihs.  per  cu.  ft. 

Consistency,    Water  equal  to  10^  of  weight  of  dry  material.- 


December  10,  1914. 


AA  . 

Table   21 . 

Pressure  Test  No.  3 

12 -inch  Square 

Column 

Readings 

Gage  Readings 

"KTn 

X  li  u  CX  V  ctx 

■fft                     TTn      1  P7 

No.  128  No 

.  129 

No.  130 

T 
X 

,^87 

-12 

24 

o 

Xwl 

X  .  ^  OKi 

87 

-12 

25.5 

xo 

1    Q  ftp 

87 

-12 

So  27 

xu 

P     R  ftp 

87 

-12 

27.5 

R 

X*J 

""t   A  ftp 

'90 

-12 

27.5 

w 

X<J 

ftp 

2./93 

-12 

27.5 

7 

X«J 

B  '  96 

-12 

27.5 

o 
o 

xo 

96 

-12 

27.5 

Q 

3-c  97  .5 

-12 

27.5 

10 

X<J 

-10 

27.5 

T  T 
J>X 

8.5                         85 . ^ 

99           /,  Z 

-  7 

27.5 

IP 

Q  P                        85  .  5 

99  ' 

-  5 

27.5 

xo 

X<J 

V  »  1                               oo  .  o 

99 

-  5 

27.5 

14. 

X«J 

xu  o«j 

99 

-  5 

27.5 

15 

in  A  ft«s 

99 

-  5 

27.5 

x«^ 

xu .  V  o*j 

99 

-  5 

27.5 

17 

X«J 

IP  RR 

X<&  0<J 

99 

-  5 

27.5 

1  R 
xo 

Xv) 

RR 

99 

-  5 

27.5 

1  Q 

RR 

99 

-  5 

27.5 

pn 

X.«J 

ft<S 

99 

-  5 

27.5 

PI 

Xti/ 

ft5 

99 

-  5 

27.5 

PP 

Xw 

99 

-  5 

27.5 

4wO 

Ifi 

ft(S 

99 

-  5 

27.5 

PA 

XwJ 

RR 

99 

-  5 

27.5 

25 

xo 

RR 

99 

27.5 

26 

XiJ 

RR 

99 

-  5 

27.5 

27 

15 

85 

99 

-  4 

27.5 

28 

15 

RR 

99 

«J 

27.5 

PQ 

15 

85 

99 

o 

—  <o 

27.5 

30 

15 

85 

99 

-  2 

27.5 

31 

15 

ft5 

99 

-  1 

27.5 

■^P 

15 

85 

99 

0 

27.5 

33 

15 

85 

99 

0 

27.5 

34 

15 

oo 

99 

1 

27.5 

Height 

of 

center  of 

gage  from  base  5.6 

ft.     1.8  ft.  7 

.6  ft. 

0.5  ft. 

Same 

material  as 

in  test  2. 

December 

10,  1914 

• 

4o.. 

Table  22. 

PRESSURE  TEST  NO.  4-12 

-INCH 

SQTTAR'R 

GO  TiTTMTI 

Reading 

Time 

Depth 

Gage  Readings 

« 

No. 

Interval 

Concrete 

Sec. 

Pt. 

No.  127 

1 

0 

81.5 

24 

2 

60 

1.5 

81.5 

26.5 

3 

25 

1.5 

81.5 

25.9 

4 

15 

2.5 

81.5 

26.5 

5 

25 

S.5 

81.5 

26.2 

6 

10 

3.5 

81.5 

26.6 

7 

20 

3.5 

81.5 

26.2 

8 

20 

4.5 

81.5 

26.4 

9 

30 

4,5 

81.5 

26.4 

10 

7 

5.5 

83 

26.4 

11 

29 

5.5 

82.5 

26.4 

12 

12 

6.5 

85 

26.4 

13 

27 

6.5 

84.5 

26.4 

14 

3 

7.5 

84.5 

26.4 

15 

27 

7.5 

85 

26.4 

16 

20 

8.5 

86.5 

26.4 

17 

27 

8.5 

86 

26.4 

18 

12 

9.5 

86.5 

26.4 

19 

31 

9.5 

86 

26.4 

20 

9 

10.5 

85.5 

26.4 

21 

30 

10.5 

85.  5 

26.4 

22 

10 

11.5 

85 

26.4 

23 

85 

26.4 

24 

85 

26.4 

25 

84.5 

26.2 

26 

84.5 

26.2 

27 

84.5 

• 

26.2 

center  g 

age  from 

base  5.6  ft. 

0  5  ft 

Temperature  of  room,  65.5  degrees  F. 

Temperature  of  concrete,  65 

.5  degrees  F 

Weight  of 

concrete 

,  139.06 

lb  s  .  p  er  cu . 

ft. 

Consistency,  Water 

equal  to 

10%  of  weight  of 

dry  materials. 

December 

12,  1914. 

46. 


Table  23. 

PRESSURE  TEST  UO .  5  -  20-INCH  SQUARE  COIUMN. 


ading 

Time 

Depth 

Gage  Readings 

No. 

Interval 

Concrete 

Sec. 

Ft. 

Ko.  127 

ITo.  128 

No.  129 

No.  130 

1 

15 

0 

oi. 

87 

-1<C» 

24 

2 

16 

0.15 

U  1 

87 

-X& 

24 

3 

16 

0.3 

QT 

ol 

87 

T  O 

-±c 

24 

4 

16 

0.5 

Oj. 

87 

-16 

24 

5 

16 

0.7 

o± 

87 

-1<J 

-o  25.5 

6 

15 

0.9 

OX 

87 

1  O 
"XCj 

.30  26 

7 

15 

1.05 

Oj. 

87 

-1& 

-6-.  27 

8 

16 

1.2 

OX 

87 

— X/& 

27 

9 

16 

1.35 

OX 

87 

27. 

10 

16 

1.51 

OX 

87 

1  O 

-U  27.6 

11 

16 

1.7 

OX 

87 

-1<5 

•  •7^  28. 

12 

16 

1.83 

ol 

87 

-14 

'fo  28.5 

13 

15 

2 

ol 

87 

-Ic 

29 

14 

16 

2.1 

ol 

87 

/-i'-  30 

15 

16 

2.21 

OX 

87 

-Ifc 

a3^  20.5 

16 

15 

2.5 

OX 

87.5 

-Ic 

h^:  22 

17 

15 

2.43 

ol 

88 

^  -Ic 

/.^•'  32 

18 

15 

2.6 

ol 

88.5 

:/  no 

23 

19 

15 

2.8 

ol 

90.5 

1  -12 

^■>^  34.5 

20 

15 

3 

ol 

91 

-Ic 

?.5o  35 

El 

15 

3.15 

ol 

91.5 

-l<i 

'^<4o  25.5 

22 

15 

3.35 

ol 

92 

T  O 

-1<5 

^  36.5 

23 

15 

3.5 

ol 

92.5 

-12 

3  c..  28.5 

24 

15 

3.7 

ol 

92.5 

-12 

25 

15 

3.83 

ol 

93 

-ic 

3.3i  40 

26 

16 

4 

ol 

92.6 

-12 

\i.  41 

27 

16 

4.13 

81 

94 

'  -  -12 

41.6 

28 

16 

4.28 

Ol 

94.5 

-    t  TO 

-Ic 

^  41.6 

29 

16 

4.4 

ol 

95.5 

TO 

42.6 

30 

16 

4.55 

ol 

96 

1  O 

42.6 

31 

16 

4.7 

Ol 

96.5 

T  O 

43 

32 

16 

4.8 

ol 

96.5 

'--IC 

43 

33 

15 

4.9 

ol 

97 

./-  y. 

0 

46.6 

34 

15 

5 

ol 

97.5 

^  45.5 

35 

15 

5.1 

81 

98.6 

5 

^-  '  45 

36 

16 

5.2 

81 

99 

4 

■  44.6 

37 

15 

6.Z6 

81 

100 

-^■4?,!-  2 

44.6 

38 

15 

5.5 

81 

IOC 

44.6 

39 

16 

5.7 

81. 

5 

100.6 

^  ^^'  S.  g 

44.6 

40 

15 

5.95 

bl. 

6 

100.6 

-  1. 

5 

44.6 

41 

16 

6.2 

83 

100.5 

0. 

5 

44.6 

42 

15 

6.3 

84. 

5 

100.6 

2 

44.5 

43 

15 

6.6 

86 

100.5 

3. 

5 

44.6 

44 

15 

6.8 

86 

100.5 

3. 

5 

44.6 

45 

16 

7.05 

85. 

5 

100.5 

3. 

5 

44.5 

4.7. 

Table 

23.  (Continued) 

PRESSUEE  TEST 

UO.  5  - 

20 -INCH  SQUME  COLUllN. 

Reading 

Time 

Depth 

Gage  Readings 

Ko. 

Interval 

Concrete 

Sec. 

Ft. 

No.  127 

No.  128 

No.  129  No 

*  XiJ\J 

46 

15 

7.2 

86.  5 

100.5 

4.5 

44.5 

47 

15 

7.35 

86.  5 

100.5 

5.5 

44.5 

48 

15 

7.5 

87.5 

100.8 

7.5 

44.5 

49 

16 

7.7 

87.  5 

100.8 

9 

44.5 

50 

15 

7.85 

87.5 

100.8 

9.6 

44.5 

51 

15 

8.05 

87.  5 

100.8 

10.2 

44.5 

52 

15 

8.26 

87 

100.8 

12.2 

44.5 

55 

15 

6.5 

87 

100  .8 

12.4 

44.5 

54 

15 

8.  65 

87 

100.8 

13 

44.5 

55 

15 

8.9 

87 

100.8 

13 

44.5 

56 

15 

9.1 

87 

100.8 

13 

44.5 

57 

15 

9  .35 

87 

100.8 

13 

44.5 

58 

15 

10.2 

87 

100 . 8 

13 

44.5 

59 

15 

12 

87 

100.8 

13 

44.5 

60 

16 

87 

100.8 

13 

44.5 

61 

15 

87 

100  .8 

13 

44.5 

62 

16 

87 

100.8 

13 

44.5 

63 

15 

87 

100.8 

13 

44.5 

64 

16 

87 

100.8 

13 

44.5 

65 

16 

87 

100.8 

13 

44.5 

66 

15 

86.5 

100.8 

13 

44.5 

67 

15 

86.5 

100.8 

13 

44.5 

of  center 

gage  from 

base ,  5.6 

ft.  1.8 

ft.  3.5  ft.  0 

-ft 

Temperature  of  room,  63.5 

degrees  F. 

Temperature  of  concrete,  62  degrees. 

F. 

Weight 

of  concrete,  141.71 

lbs.  per 

cu.  ft. 

Consistency,    V/ater  equal 

to  12%  of 

weight  of 

dry  material. 

December  22,  1914. 

48-. 

TalDle  24. 

PRESSURE  TEST  NO. 

6       -  20 

-INCH  SQUARE  GOLULTN 

Time  . 

Depth  of 

Gage  Readings 

Tin 

Interval 

Concrete 

Sec. 

Ft. 

No     1  ?7 

Ko.  128 

No.  129 

No.  130 

T 
X 

15 

0 

ox 

-87 

-1£ 

-     9  A. 

P 

15 

0*5 

ox 

87 

-12 

16 

0.7 

ox 

87 

-12 

15 

0.9 

ft! 
ox 

87 

-12 

9  A.  ^ 

R 

15 

1.1 

ox 

87 

-12 

•^^  PA  ft 

o 

15 

1.55 

ft! 
ox 

87 

-IE 

OjT  9A  ft 

7 

15 

1.66 

ox 

87 

-12 

Q 
O 

15 

1.82 

ox 

87 

-12 

"^C  PA 

Q 

15 

2.32 

ox 

87.6 

-12 

'>('(  Pft  R 

1  n 

15 

2.85 

ox 

.6  88 

-12 

•  9t;  PA  ft 

<CO  .  O 

XX 

15 

S.32 

ox 

>  89 

-12 

xc 

15 

3.66 

ft! 
ox 

89.5 

-2  -12 

x^ 

15 

3.87 

ox 

'-^91.5 

/  -  8.2 

"     PQ  A 

x% 

15 

4.21 

ft! 

ox 

92 

7.2 

'■    PQ  A 

Xf 

15 

5 

ft! 

ox 

>92.6 

^-  4.7 

ll   %9  A 

XV 

15 

6.72 

0\j  .  %) 

3.-' 9  7 

4.3 

X  1 

15 

6.6 

Ore 

3.1  98.5 

^  6.6 

1  ft 
X  o 

15 

7.2 

O^fc  .  U 

99 

B.5 

X  7 

15 

7.72 

Ou 

99 

4r  8.7 

15 

8.2 

ft7 
O  1 

5  102 

5,  12.7 

/  6o  '^9 

cx 

15 

8.65 

OO 

5,^103 

■  14.6 

/.i  :  OX  .  O 

pp 

15 

9 

O  s> 

^-ao4 

16.8 

ox .  t> 

15 

9.3 

oy 

<-  105 

19.8 

'•"o  OX  .  o 

96, 

16 

9.6 

07  .  *J 

^^106.5 

20.3 

pfS 

15 

9.9 

ftQ 

07  ,  «J 

105.5 

20.6 

/.J*,  ou .  1 

15 

10.21 

105.5 

7  20.8 

/  ?/  A 

/.  J  t  ^VJ  .  o 

P7 

15 

10.48 

105.6 

2CJ  .  8 

ou .  «J 

?ft 

15 

10.7 

on 

105.5 

20.8 

ou .  U 

PQ 

16 

10.88 

105.5 

7  20.3 

OU  .  1 

iJ\J 

15 

11.07 

Qn 

106.5 

'  20.3 

ou  .  f 

<b^X 

16 

11.22 

Qn 

105.5 

20 

ou  .  D 

16 

11.35 

Qn 

105.6 

20 

"  "^n'  A 
ou .  o 

15 

11.4 

Qn 

106.5 

20 

"  "^n  A 

ou .  O 

''54- 

15 

11.51 

Qn 

105.6 

20 

•^n  7 

ou .  ( 

16 

11.59 

Qn 

106.5 

19.8 

ou  •  1 

15 

11.68 

Qn 

xu«> .  u 

X^  .  O 

ou  .  o 

CP  r 

15 

11.77 

90 

105.5 

19.6 

ou .  o 

1  ft 

X  V 

11.84 

Qn 

105.5 

19.6 

''in  A 

ou .  O 

C/ v 

16 

11.9 

90 

105.5 

19,5 

ou  .  1 

40 

16 

11.92 

90 

105.6 

19 

30.7 

Height  of 

center  of 

gage  from  base, 5. 6 

ft.  1.8 

ft.     3.5  ft. 

0.5  ft. 

Same  material  as  in 

Test  5. 

December 

22,  1914. 
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Time 

Depth  01 

Gage  Readings 

Int  er  val 

Concrete 

bee. 

JJ  t . 

HO .  Lc7 

Ho.  128 

T,T  A  TOO 

Ho.  129 

HO.  loO 

1 
1 

"t  R 
10 

01  .  1 

87 . 5 

-12. 5 

OA 

o 

ui  rt 

ol .  r 

87 .  o 

-12 . 5 

ol .  0 

O 

lo 

81 .  r 

87 . 5 

-12 . 5 

ol .  y 

4 

10 

on  n 
81 .  7 

87  .5 

-12 . 5 

ol .  0 

c 
O 

lo 

1  .  0 

81  .  7 

87  .5 

TO  C 

-12.5 

ol .  O 

o 

10 

1  .  0 

81  .  ( 

87 . 5 

TO  d 

-12.  5 

Ol  .  0 

r) 
1 

10 

d  •  0 

o±  .  7 

89 . 5 

-12  . 5 

O  f  .  O 

Q 

o 

10 

C,  '  0 

DT  17 

81 .  r 

89.5 

-IE. 5 

"2 17  K 

Q 

Id 

o>  0 

ol .  / 

93.5 

-12.5 

4^; .  0 

lU 

15 

3.5 

QT  >7 
81  .  f 

.  u 

il 

.  25 

4.5 

81 .  7 

96.5 

-  E.5 

4o 

IE 

81.7 

96.5 

-  2.5 

49.5 

13 

17 

5.5 

81.7 

100 

E.5 

52.5 

1  4- 

15 

5.5 

fil  7 

100 

S 

15 

18 

6.5 

85.2 

101 

9 

55.5 

16 

16 

6.5 

85.2 

101 

8.7 

55.5 

17 

31 

7.5 

86.7 

lOE 

13 

56.5 

18 

15 

7.5 

86.7 

10  E 

12.4 

56.5 

19 

31 

8.5 

89.  E 

lOE 

15.5 

56 

EO 

16 

8.5 

89.2 

102 

14.7 

{)6.5 

Tamped 

IE 

91. E 

10  E 

16 

54.5 

Height  Of  center  gage  from  base    5.6  ft.     1.8  ft.      3.5  ft.     0.5  ft. 


Temperature  of  room»  60  degrees  F. 

Temperature  of  concrete,  62  degrees  F. 

Weight  of  concrete,  140.15  lbs.  per  cu.  ft. 

Consistency,  Water  equal  to  9%  of  weight  of  dry  material. 

January  El,  1915. 


U-  OF  I.  S.  S.  FORM  3 


U.  or  t.  S.  S.  FORM  3 


U    Oy  I    S.  S.  FORM  T 


U.  OF  I.  S.  S.  FORM  :» 


57. 

VI.  DISCUSSION  OF  TESTS. 

15.  PLOTTED  DATA.    The  points  representing  the  lateral 
pressures  by  each  of  the  four  gages  for  each  of  the  seven  tests  are 
plotted  in  Pig.  18-24,  pages  50-56.     To  eliminate  as  far  as  possible 
the  accidental  errors  of  observation,  a  smooth  line  v/as  drawn  to 
represent  the  average  of  the  results  for  each  gage.     On  account  of 
the  wide  variation  of  the  observed  values,  the  position  of  the  line 
representing  the  mean  value  could  not  be  determined  y/ith  any  con- 
siderable accuracy;  but  it  is  believed  that  the  drawing  of  these 
lines  is  helpful  in  interpreting  the  data. 

A  study  of  the  curves  for  each  of  the  four  gages  in  each 
of  the  seven  tests  showB  that  in  most  cases  the  lateral  pressure  in- 
creases with  the  head  up  to  a  certain  pointy  after  v/hich  the  pressure 
remains  nearly  constant  until  the  pouring  ceases.     This  fact  seems 
to  show  that  during  the  first  part  of  the  pouring,  the  concrete  is 
supported  by  pressure  upon  the  base  of  the  form,  and  that  later  a 
considerable  part  of  the  concrete  is  supported  by  arch-like  action 
on  the  sides  of  the  form.     In  this  respect  the  action  of  green  con- 
crete seems  to  be  similar  to  that  of  grain,   seeds,  clean  dry  sand, 
etc .  ,  in  a  bin .  * 

"While  the  above  conclusion  seems  to  be  borne  out  in  a  gen- 
eral way,  the  curves  for  the  several  gages  in  any  one  test  vary  so 
much  among  themselves  and  the  results  for  the  several  tests  differ 
from  each  other  so  much  that  it  is  not  possible  from  the  curves  of 
Fig.  16-24  to  determine  the  law  of  the  lateral  pressure  with  any 
greater  degree  of  accuracy  than  is  stated  in  the  preceding  paragraph. 

*See  Baker's  Masonry  Construction,  p.  500-02. 
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In  an  attempt  to  determine  more  accurately  the  law  of  the 
lateral  pressure,  all  of  the  data  of  all  of  the  tests  were  plotted 
on  a  single  sheet        see  Fig.  2b,  page  59.     Then  by  eye  a  curve  was 
drawn  to  represent  the  average  of  all  of  the  experiments.     This  line 
is  labeled  "Line  of  Average  Pressure".    This  line  seems  to  show  that 
the  lateral  pressure  decreases  as  the  head  increases,  which  is  in 
accordance  with  the  observed  results  with  grain  in  bins.     This  line 
is  not  well  enough  determined  and  the  range  of  experiments  is  too 
small  to  warrant  any  conclusion  as  to  the  head  at  which  the  lateral 
pressure  becomes  constant. 

Since  a  general  study  of  Fig.  18-24  and  of  Fig.  2b  does 
not  warrant  any  definite  conclusion,  a  further  attempt  to  deduce  a 
general  conclusion  was  made  by  computing  the  lateral  pressure  from 
the  "Line  of  Average  Pressure"  shown  in  Fig.  18-24,  for  each  foot 
of  head  for  each  gage  in  each  test.     Of  course,  such  a  method  of 
investigation  can  not  lead  to  results  of  any  considerable  accuracy, 
since  the  results  are  based  upon  a  line  drawn  by  eye  to  represent 
the  average  of  a  number  of  erratic  values;  but  it  was  hoped  that 
the  results  would  give  an  arithmetical  expression  of  the  reliability 
of  the  line  in  Fig.  25,  page  b9,  representing  the  average  lateral 
pressure.     However,  the  result  of  this  investigation  was  very  dis- 
appointing,  since  the  values  were  too  erratic  to  establish  any 
trustworthy  conclusion. 

Since  Fig.  2b,  seems  to  show  that  green  concrete  at  the 
lower  heads  acts  somewhat  as  a  liquiu,  it  v/as  thought  that  a  deter- 
mination  of  the  lateral  pressure  for,  say,^one  foot^for  each  gage 
in  each  of  the  tests  would  give  some  evidence  as  to  the  reliability 
of  the  slope  of  the  line  for  equivalent  liquid  pressure  in  Fig.  2b. 
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Table  26,  page  61,   shows  the  results  of  this  investigation.  Appar- 
ently the  results  are  too  erratic  to  warrant  any  conclusions  of  pos- 
itive value.     For  example,  the  pressure  for  a  head  of  one  foot  varies 
from  116  to  187  lbs.,  or  in  other  words  the  lateral  pressure  of  green 
concrete  weighing  about  141  lbs.  per  cu.  ft.  acts  as  a  liquid  whose 
weight  varies  from  116  to  187  lbs.  per  cu.  ft.     Of  course,  a  mean 
obtained  by  averaging  such  divergent  values  v/ould  be  quite  unrelia- 
ble.    A  little  study  of  the  data  in  Table  26  shows  that  no  conclu- 
sion can  be  drawn  concerning  the  difference  in  lateral  pressure  in  a 
12-inch  and  20-inch  form,  for  continuous  pouring,  for  the  average  of 
all  the  experiments  with  the  12 -inch  form  gave  a  pressure  for  a 
1-foot  head  of  144  pounds,  Y/hile  all  experiments  on  the  20-inch  form 
gave  156  pounds.     Considering  the  nature  of  the  data,  this  differ- 
ence is  too  small  to  warrant  any  definite  conclusion  as  to  the  rela- 
tive pressure  in  the  two  sizes  of  forms.     Again,  the  data  are  too 
variable  to  establish  any  trustworthy  conclusion  regardless  of  the 
method  of  pouring^as  to  the  difference  in  pressure  in  the  two  sizes 
of  forms,  for  with  the  12-inch  form  the  average  lateral  pressure 
from  all  the  four  tests  is  137  pounds  per  square  foot,  while  with  the 
20 -inch  form  the  pressure  is  153  pounds  per  square  foot.     The  only 
conclusions  that  can  be  drawn  are  that  (l)  the  tests  do  not  give  any 
trustworthy  value  for  the  lateral  pressure,   (2)  the  experiments  do 
not  show  any  trustworthy  difference  in  lateral  pressure  between  the 
12-inch  and  the  20-inch  forms,  nor  between  continuous  and  inter- 
mittent methods  of  pouring. 

One  reason  for  the  variability  of  the  results  for  the 
pressure  as  stated  in  the  preceding  paragraph  is  that  the  pressures 
given  in  Table  26  were  not  determined  directly  by  observation  but 
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LATERAL  PRESSURE  FOR 

A  BEAD  OF  ONE  FOOT. 

12-inch  Form 

20 -inch  Form 

Test  Uo.  Gage  No.  Lateral  Pressure 

Test  No.  Gage  No.  Lateral  Pressur 

lbs.  per 

sq.  ft.. 

lbs. per  sci.  ft. 

CONTINUOUS  POURING 

CONTINUOUS  POURING 

1 

J.  C  1 

1  ft? 

b  127 

158 

X  £^  (J 

128 

169 

129 

144 

129 

151 

X  K>  W 

130 

144 

Average  143 

Average 

156 

2 

127 

151 

6  +  127 

123 

128 

150 

X  CO 

129 

230 

129 

173 

ISO 

169 

130 

54 

Average  169 

Average 

116 

5  * 

127 

122 

128 

101 

129 

209 

150 

45 

Average  119 

INTERMITTENT  POURING. 

INTERMITTENT  POURING 

4 

127 

173 

7  127 

151 

128 

128 

180 

129 

129 

223 

130 

48 

130 

194 

Average  110 

Average 

187 
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were  scaled  from  a  line  plotted  to  represent  the  average  pressures. 
If  direct  observations  had  been  made  to  determine  the  pressure  for 
one  foot  of  head  possibly  more  concordant  results  would  have  been 
obtained. 

The  results  may  be  studied  by  considering  the  direction  of 
the  curvature  of  the  line  of  pressure  and  its  significance.     If  the 
concrete  acts  strictly  as  a  liquid,  the  pressure  will  be  represented 
by  a  straight  line  passing  through  the  origin.     If  the  line  repre- 
senting the  pressures  is  convex  toward  the  pressure  axis,  then  the 
concrete  does  not  act  strictly  as  a  liquid,  and  the  line  of  pressures 
tends  to  become  parallel  to  the  axis  of  head,  i.e.,  the  lateral  pres- 
sure tends  to  become  constant  at  some  head,  in  which  case  the  green 
concrete  acts  like  grain  in  a  bin. 

In  Fig.  18-24  practically  all  of  the  lines  representing 
the  average  pressure  for  the  lower  heads  are  straight,  and  therefore 
we  may  conclude  that  in  the  main  the  tests  show  that  the  green  con- 
crete acted  as  a  liquid.     The  four  lines  as  drawn  in  Fig.  18,  page 
50,  are  convex  toward  the  pressure  axis;  but  an  inspection  of  the 
individual  results  shows  that  the  lower  portion  of  the  line  could 
with  equal  propriety  have  been  drawn  straight  rather  than  curved. 
Therefore,  we  may  conclude  that  all  of  the  gage  readings  in  all  of 
the  tests  show  that  for  the  lower  heads  the  concrete  acted  as  a 
liquid  mass. 

An  examination  of  all  of  the  lines  representing  the  aver- 
age gage  readings  shows  that  for  the  higher  heads  the  line  repre- 
senting the  pressure  tends  to  become  parallel  to  the  axis  of  head, 
which  shows  that  for  the  higher  heads  at  least  part  of  the  weight  of 
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the  concrete  is  supported  by  arch-action  on  the  sides  of  the  forms. 
In  other  words,  all  of  the  gage  readings  seem  to  show  that  the  con- 
crete in  these  tests  acted  very  much  as  grain  in  bins. 

16.   STUDY  OF  ERRATIC  RESULTS.     Since  it  seemed  impossible 
to  deduce  any  valuable  conclusion  from  the  average  of  the  several 
tests,  a  study  was  made  of  the  readings  of  the  individual  gages. 

One  of  the  most  striking  features  shown  by  the  gage  read- 
ings is  that  in  test  l^o.  5,  Fig.  20,  page    52,  gage  Ho.  130  gives  a 
smaller  pressure  than  any  of  the  other  three,  although  it  has  the 
greater  head,     a  similar  result  for  gage  Uo.  150  occurs  in  test  I}o. 
4,  Fig.  21,  page  53,  and  also  for  the  same  gage  in  test  Wo.  6  -- 
see  Fig.  23,  page  55.     Apparently  the  explanation  is:  Dry  stone  was 
put  into  the  bottom-dump  skip  to  prevent  the  loss  of  water  while 
hoisting  the  skip  into  position  for  pouring,  and  it  is  probable  that 
the  dry  material  dammed  up  in  front  of  gage  Ho.  130  (the  lowest  one) 
and  prevented  the  liquid  portion  of  the  concrete  from  acting  upon 
the  diaphragm  of  the  gage. 

In  test  No.  1,  gage  Ho.  128  gave  a  larger  reading  than 
gage  No.  130,  although  the  latter  had  the  greater  head.  Apparently 
the  only  explanation  of  this  anomalous  result  is  that  the  dry  stone 
that  was  put  into  the  skip  lodged  in  front  of  gage  No.  128  and 
prevented  the  li:iuid  concrete  from  acting  on  the  diaphragm.  This 
explanation  is  made  the  more  probable  because  of  the  fact  that  in 
this  test,  considerable  trouble  was  experienced  in  getting  the  con- 
crete to  flow  from  the  skip. 

17.  .   CAUSES  OF  ERRATIC  RESULTS.     Several  causes  operated 
to  produce  a  variation  of  observed  values.     Among  these  are: 

1.  Owing  to  the  leakage  of  water  from  the  skip  during  the 
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process  of  hoisting,  the  concrete  was  not  uniform  in  consistency 
for  the  different  tests,  and  was  even  different  in  consistency  in 
different  parts  of  the  skip  during  the  same  test. 

2.  The  traveling  crane  with  which  the  concrete  was  hoist- 
ed was  so  difficult  to  operate  that  in  several  cases  the  concrete 
in  the  skip  had  time  to  take  initial  set  before  pouring  took  place. 

3.  A  great  deal  of  trouble  was  experienced  in  getting 
the  concrete  to  flow  from  the  skip,  and  consequently  a  uniform  rate 
of  pouring  was  not  obtained  throughout  the  pouring  of  any  one  test. 

4.  In  two  of  the  tests  the  concrete  used  v/as  that  employ- 
ed in  the  previous  test.     It  was  retempered  and  remixed,  but  there 
is  a  possibility  that  initial  set  had  taken  place  before  the  con- 
crete was  placed  in  the  forms.     It  is  possible  that  even  a  little 
initial  set  v/ould  materially  change  the  pressure  of  the  concrete 
mass,  and  thereby  materially  affect  the  observed  pressure. 

5.  The  dry  stone  put  into  the  bottom  of  the  skip  to  pre- 
vent leakage  of  water  seems  to  have  blocked  some  of  the  gages.  This 
point  has  already  been  considered,  see  second  and  third  paragraphs 
of  Section  16,  page  63* 

6.  In  mixing  the  concrete  an  attempt  was  made  to  keep 
the  consistency  constant,  and  this  was  checked  by  determining  the 
weight  per  cubic  foot  of  the  concrete.    The  weight  varied  from 
136.5  to  141.71  pounds  per  cubic  foot,    which  for  such  experiments 
seems  reasonably  accurate;  but  the  bottom  dump-bucket  or  skip  used 
in  raising  the  concrete  to  the  top  of  the  form  permitted  consider- 
able v/ater  to  leak  out,  and  in  nearly  every  case  v.^ater  was  added 
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in  the  skip.  It  is  not  certain  that  the  resultant  consistency  was 
that  of  the  concrete  originally,  nor  that  the  consistency  was  uni- 
form in  the  mass. 

V.  There  were  so  few  tests  made  under  exactly  the  same 
conditions  (see  Table  26,  page  61)  that  there  is  not  much  oppor- 
tunity to  eliminate  accidental  errors  of  observation  by  combining 
a  considerable  number  of  the  results.     For  example,  only  two  tests 
(Tests  1  and  E)  were  made  under  nominally  the  same  conditions.  Test 
3  was  made  under  the  same  conditions  as  1  and  E,  except  that  the 
mortar  used  in  Ko.  2  was  retempered  and  used  again  in  lio.  3;  and 
Tests  5  and  6  were  under  the  same  conditions,  except  that  the  mor- 
tar used  in  the  first  was  retempered  and  used  again  in  the  second. 

8.  There  was  a  chance  for  pieces  of  stone  projecting 
over  the  side  of  the  diaphragm  and  preventing  the  concrete  from 
acting  upon  the  gage;  and  on  the  other  hand  there  was  a  possibility 
that  a  corner  of  a  fragment  of  stone  could  project  against  the 
diaphragm  and  give  an  unduely  large  reading.     If  the  concrete  con- 
tained a  considerable  amount  of  fluid  mass,  neither  of  these  results 
would  be  likely  to  occur;  but  a  study  of  the  individual  readings  of 
the  several  gages  seems  to  show  that  some  such  cause  must  have 
operated,  at  least  some  of  the  readings  are  abnormaj.ly  high  and 
some  abnormally  low.  I 

9.  It  is  unfortunate  that  the  work    of  pouring  the  con- 
crete into  the  forms  was  entirely  completed  before  any  considerable 
study  was  made  of  the  results;  and  consequently  no  attempt  was 
made  to  profit  by  the  experience  with  a  test  before  making  the  suc- 
ceeding one. 
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18.  EFFECT  OF  II£?ACT.     Before  making  the  experiments,  the 
general  belief  was  that  the  impact  of  the  dropping  concrete  would 
affect  the  gage  readings;  and  therefore  a  variation  in  the  method 
of  pouring  v>ras  adopted  which  was  then  believed  would  give  data  from 
which  the  effect  of  impact  could  be  determined.     Kote  that  Tests  1, 
2,  2,  5,  and  6,  pages  51,  52,  53,  55,  and  56,  were  made  by  contin- 
uous pouring;  and  that  Tests  4  and  7  were  made  by  what  is  designated 
as  intermittent  pouring.     In  the  two  latter  tests,  the  concrete  was 
poured  into  the  forms  continuously  for  about  fifteen  seconds,  until 
a  depth  of  one  foot  had  been  deposited:  pouring  ceased  for  fifteen 
seconds,  and  was  then  resumed  until  a  succeeding  foot  in  depth  had 
been  added.     ^DTiile  the  concrete  was  being  deposited,  the  mercury 
column  of  the  gage  advanced  somewhat  intermittently  but  continuously 
until  the  pouring  ceased,  then  the  mercury  column  receded  slightly; 
and  when  the  pouring  began  again,  the  pressure  continued  to  rise. 
For  some  unknown  reason,  in  Test  4  only  two  gages  gave  reasonably 
satisfactory  readings.     These  two  gages  gave  records  somewhat  sim- 
ilar. 

At  the  time  of  making  the  tests,  it  was  believed  that  tne 
steps  in  tne  lines  shown  in  Fig.  2,  page  53,  measured  the  effect  of 
impact;  but  it  is  not  certain  that  this  is  the  case.     It  is  sig- 
nificant to  notice  the  marked  difference  in  character  betv?een  the 
pressure  lines  in  Fig.  21  and  those  in  Fig.  24,  although  the  method 
of  pouring  was  the  same  in  both  cases.     The  lines  in  Fig.  E4  for 
intermittent  pouring  have  the  same  characteristics  as  those  for  the 
five  tests  with  continuous  pouring. 

A  consideration  of  the  readings  for  gage  130,  Fig.  21, 
page  54,  seems  to  show  that  the  depth  of  concrete  above  the  gage 
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decreases  the  effect  of  impact,  and  that  when  the  depth  is  something 
like  four  feet,  the  effect  of  impact  is  zero;  hut  an  examination  of 
the  record  for  gage  127,  in  the  same  test,  seems  to  show  that  the 
so-called  impact  effect  is  substantially  the  same  for  a  one-foot 
head  as  for  a  four-foot  head.     Therefore,  the  conclusion  seems  to 
be  that  as  far  as  these  tests  show,  the  effect  of  concrete  above 
gage  has  no  effect  upon  the  pressure  due  to  impact. 

If  the  line  of  pressure  were  convex  tov/ard  the  axis  of 
head,  then  the  pressure  increases  more  rapidly  than  the  head  and  the 
lateral  pressure  would  be  more  than  that  due  to  a  liquid  having  a 
weight  equal  to  that  of  the  concrete.     Such  a  curvature  of  the  line 
of  pressure  would  indicate  that  there  must  be  some  force  acting  upon 
the  concrete  other  than  its  weight.     Apparently  the  only  force  that 
could  produce  this  effect  is  the  impact  of  the  falling  concrete.  An 
examination  of  the  pressure  lines  in  the  several  tests  shows  that 
none  of  them  are  convex  toward  the  axis  of  head;  and  therefore  as  far 
as  can  be  determined  by  this  line  of  investigation,  the  tests  give 
no  evidence  that  the  pressure  due  to  impact  is  appreciable. 

Since  the  pressure  lines  for  the  two  tests  by  intermittent 
pouring  (tests  4  and  7,  Fig.  21  and  24)  differ  so  radically,  and 
since  there  is  no  other  evidence  of  the  effect  of  impact,  the  con- 
clusion is  that  the  steps  in  Fig.  21,  page  53,  may  not  be  due  to  im- 
pact . 

It  is  certain  that  the  results  give  no  definite  information 
as  to  the  effect  of  impact,  and  it  is  not  certain  that  the  tests  give 
any  evidence  of  the  presence  of  any  such  effect. 


19.  CONCLUSION.     The  unsatisfactory  results  of  the  tests 
reported  in  this  thesis  clearly  show  the  necessity  for  a  more  care- 
ful and  accurate  method  of  conducting  the  work. 

The  construction  of  a  reinforced  concrete  viaduct  at 
Danville,  Illinois,  was  begun  during  the  compilation  of  the  data 
of  this  thesis;  and  arrangements  have  been  completed  for  making 
some  tests  on  the  lateral  pressure  of  the  concrete  in  connection 
with  that  construction.     The  observations  will  be  taken  by  two 
instructors  of  the  Department  of  ^ivil  Engineering  on  the  diaphragm 
pressure  gages  used  in  this  thesis  work.    The  gages  will  be  placeu 
near  the  bottom  of  the  forms  of  the  spandrel  posts  which  are  23 
by  30  inches  in  cross-section  and  about  18  feet  high.     The  concrete 
will  be  depositeu  by  the  spouting  system.     The  consistency  of  the 
concrete  will  be  regulated  at  the  mixer,  and  its  flov/  v^ill  be  con- 
trolled at  the  hopper  on  the  pouring  tov/er  and  also  at  the  top  of 
the  forms.     Every  precaution  v/ill  be  taken  to  secure  favorable  con- 
ditions for  the  tests. 


